Purpose: This study aimed to evaluate changes in the balance ability of patients whose head positions were altered due to stroke. Subjects were divided into three groups to determine the effects of the training on dynamic balance and gait. Methods: Forty-two stroke patients were enrolled. The Visual Feedback Training (VFT) group performed four sets of exercises per training session using a Sensoneck device, while the Active Range of Motion (ART) group performed eight sets per training session after receiving education from an experienced therapist. The Visual Feedback with Active Range of Motion (VAT) group performed four sets of active range of motion and two sets of visual-feedback training per session using a Sensoneck device. The training sessions were conducted three days a week for eight weeks. Results: The comparison of changes in dynamic balance ability showed that a significant difference in the total distance of the body center was found in the VFT group (p< 0.05) and Significant differences were found according to the training period (p< 0.05). The comparison of the 10 m walk test showed that the main effect test, treatment period and interactions between group had statistically significant differences between the three groups (p< 0.05). Conclusion: Head-adjustment training using visual feedback can improve the balance ability and gait of stroke patients. These results show that coordination training between the eyes and head with visual feedback exercises can be used as a treatment approach to affect postural control through various activities involving the central nervous system.
INTRODUCTION
Patients with hemiplegia after stroke have balance-control problems, such as postural sway, asymmetrical weight support, damaged weight-transfer ability, and postural standing-control degradation.
Since most of their daily lives are spent sitting in wheelchairs during the early stages of rehabilitation, their exercise levels are very low compared to normal healthy individuals, and their selective trunk movements and balance abilities are significantly lower in the sitting position. 1 Some patients have asymmetrical posture of the head and neck due to the imbalance between muscle activity and stability and the changes in movement and stability between the head, trunk, and pelvis, as well as dominant use of the nonparetic side due to the lack of balance control, thereby inducing asymmetrical bodyweight support. 2 Therefore, balance on changing support-surfaces 3 during the rehabilitation of stroke patients and improvement of gait function, which is the most important factor in determining functional disability in stroke patients, are two of the most important goals during the rehabilitation process for all stroke patients. 4 To maintain balance effectively, it is necessary to combine the functions of the vestibular system, proprioceptors, and the visualinformation systems in the body. 5 In postural control, it is important to understand the ability to gaze at visual stimuli, one of the major functions of vision, for the visual system provides informa-Stroke patients can lose visuospatial perception capability due to damaged function of the central nervous system, which integrates location sensory information received through visual information and proprioceptors. 8 The subjective visual vertical (SVV) is determined by the internal integration of the parietal-insular-vestibular cortex. Stroke patients who have damage in this region cannot properly align their bodies straight on unstable support surfaces. 9 The changed SVV causes changes in the head position of stroke patients 10 and the direction of SVV inclination is the same as that of body-trunk inclination in the standing position. 11 The inclination of SVV is related to the independence of stroke patients, 12 and inaccurate SVV creates balance and postural control problems.
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A trajectory-tracking task, one of the visual-feedback training methods widely used in balance training after stroke, is used for patients who have damage to quantitative movement control, such as motor coordination during single-joint movements. 14 It is also used to investigate the effect of the damage to the central nervous system through accurate trajectory-tracking. 15 However, existing studies have focused only on balance or postural control training using the lower and upper extremities through virtual reality programs or
Wii games on monitors.
This study conducted an experiment in which patients followed specific trajectories with their eyes using the Sensoneck device in the sitting position, tracking the trajectory with a laser-pointer flashlight attached to the head and aimed at a board in order to determine whether coordination ability was increased through head movements and eye-tracking and whether there was a correlation between the head/neck area and other body parts. It also aimed to determine the effect of changing postural alignment and the mobility of neuromuscular activities via neck exercises on the postural control of stroke patients by emphasizing motor-control therapy for coordination between the head and neck.
METHODS

Study subjects
This study selected 42 patients, who understood the objective and No significant differences in homogeneity and normality tests were found between the groups (p> 0.05) ( Table 1) .
Measurement tools and procedures
1) Measuring tools
The Sensoneck device of the TerapiMaster was used to train eyehead coordination. This device aims to test and exercise the neck To measure static and dynamic abilities, the Good Balance System Ver 3.06 (METITER, USA) was employed. This machine has an inclinable foothold that can measure vertical forces applied to the heel. In our study, the static balance ability was measured by the center of pressure (COP) while the patient looked forward while in the standing position with a 4-inch gap between the feet. The dynamic balance ability was measured by a method in which the patients moved their COP in the correct order along a path displayed on the computer screen. A 10-m walk test with proven reliability and validity in many other studies was modified to measure the gait ability of the patients by having them perform three tasks randomly.
A mean value was calculated after obtaining three measurements. 16 The three tasks were as follows:
A. Walk upright with a straight head.
B. Walk while rotating the head from one side to the other.
C. Walk while lifting the head from the top to the bottom.
Each task was performed twice while walking, with a one-minute rest between tasks.
2) Measurement method
Prior to the experiment, the objectives and test methods of this study were explained to the 42 stroke patients who voluntarily consented to the experiment, and a therapist did demonstrations of all tasks. To determine the effect of visual-feedback interventions on stroke patients according to the training period and the number of sessions, the subjects were divided into three groups. They were randomly assigned into a visual-feedback training (VFT) group, an active range-of-motion training (ART) group, and a group that combined visual feedback with active range-of-motion training (VAT). All patients performed comprehensive rehabilitation therapy, including physiotherapy, occupational therapy, language therapy, and cognitive therapy. If needed, walking aids were used for balance training.
For the VFT group, training was carried out by means of the sensoneck device. The subjects were positioned 2.5 m away from the picture board, and headsets with laser points were put on them.
Trajectories on the picture board were divided into a vertical line, a horizontal line, an oblique line, a figure of eight, and an oval. And the posture of sitting up straight was used as the training posture.
The first set was composed of the horizontal line, the vertical line, the oblique line, the figure of eight, and the oval. Four sets were performed a day, with a three-minute rest between sets. The training was carried out for eight weeks, four sets a day and three days a week. For the ART group, a trained therapist gave a demonstration first, and then the patients were given education. As for the active range of motion of neck, flexion and extension, turning to the left and turning to the right, extension to the left, flexion to the right, extension to the right, flexion to the left, and head turn motion were performed in random sequence. Eight sets were performed a day, with a one-minute break between sets. The training was carried out for eight weeks, eight sets a day and three days a week. For the VAT group, the active range of motion of neck was carried out in random sequence for eight weeks, four sets a day and three days a week; and the visual feedback training was carried out in random sequence, tracing trajectories on the picture board. And the training was carried out for eight weeks, two sets a day and three days a week.
Goodbalance was used to measure balance ability. In the standing position, sway speeds in the COP A-P and M-L directions were measured with the eyes open and closed, respectively. In addition, the travel distance of the center of weight and the total travel distance were measured. To ensure the accuracy of the measurement of balance and walking, a single examiner obtained three measurements and a mean value was used. Three measurements for each subject were obtained prior to the experiment, after four weeks, and after eight weeks, and mean values were calculated.
Statistics
The data acquired in this study were statistically processed using SPSS version 18.0. The general characteristics of the subjects were analyzed using one-way ANOVA, and two-way repeated ANOVA was used to compare differences between balance and walking abilities prior to the experiment, after four weeks, and after eight weeks for each group. For post-hoc comparison, least significant difference was calculated. The statistical significance level of α was set at p< 0.05.
Comparison of dynamic balance ability
1) Comparison of changes in total distance
Main effect tests showed no statistically significant differences between the three groups (p> 0.05) but between the training periods (prior to experiment, after four weeks, and after eight weeks) (p < 0.05). Furthermore, interactions between the groups and between the time before and after the experiment (prior to the experiment, after four weeks, and after eight weeks) showed no statistically significant differences (p> 0.05) ( Table 2) .
2) Comparison of changes in M-L distance
Main effect tests showed statistically significant differences between the three groups (p < 0.05) and between the training periods (prior to experiment, after four weeks, and after eight weeks) (p < 0.05).
Furthermore, interactions between groups and between the time before and after the experiment (prior to the experiment, after four weeks, and after eight weeks) also showed statistically significant differences (p < 0.05) ( Table 3) .
3) Comparison of changes in A-P distance
Main effect tests showed no statistically significant differences between the three groups (p> 0.05) but between the training periods (prior to experiment, after four weeks, and after eight weeks) (p < 0.05). Furthermore, interactions between groups and between the time before and after the experiment (prior to the experiment, after four weeks, and after eight weeks) showed no statistically significant differences (p> 0.05) ( Table 4 ).
Comparison of changes in 10 m walking speed between groups
Furthermore, interactions between the groups and between the time before and after the experiment (prior to the experiment, after four weeks, and after eight weeks) also showed statistically signifi- This study aimed to identify the effect of improved neck posture through head/neck exercises in stroke patients and to identify balance-control problems that can occur due to bad posture, thereby providing foundational data that are useful for balance-control exercise programs for these patients.
Anabela et al. 17 reported that proprioceptive afferent inputs from neck muscles play an important role in postural control, and Anders, Brose et al. 18 reported that three-dimensional head control exercise is effective in neuromuscular control ability, the facilitation of proprioception, increase in balancing ability, and trunk stabilization. In addition, Sackley and Lincoln 19 reported that visual feedback training is effective in gait symmetry in stroke patients, and
Bonan et al. 20 reported that visuo-perceptual training is effective in the improvement of balance and gait in stroke patients, showing agreement with antecedent research.
Voluntary head movements in the standing position or during walking are frequently performed in daily living and are accompanied by eye movement to examine the surrounding environments or to visually trace external stimulation. 21 The three tasks during walking were conducted in this study using a modified 10 m walking test. On this test, the VFT group showed a significant difference according to training period and in comparison to the other groups.
Walker et al. 22 and Dault et al. 23 applied visual feedback to patients who had damage to the central nervous system, and identified body-movement travel and spatial disorientation in the standing position, thereby improving postural control ability. Laufer et al. 24 reported that the visual-feedback effect played an important role in the postural control of patients with balance control disorders. The present study also showed results similar to previous studies, demonstrating a significant difference with the visual feedback training.
Meesen et al. 25 claimed that rotation and diagonal head movements affect coordination between the lower and upper extremities so that various periodic coordination activities that depend on head stability can influence postural balance, and reported that eye-gazing exercises can induce concentration strength and affect postural balance. Jamet et al. 26 reported that independent walking can be facilitated based on postural control through stability in the standing position and with unbiased weight distribution.
Thus, various activities through coordinated movements between the eyes and head can be one of the therapeutic approaches to affecting the postural control of stroke patients. If visual-feedback training such as trajectory tracking is applied to improve motor functions and balance-maintaining ability for stroke patients, their functional daily living performance will be improved.
The limitation of this study was that no measurement of saccade movements was conducted due to the focus on eye movements and the lack of studies on the effect of increased head coordination on coordination between the upper and lower extremities. In future studies, it will be necessary to investigate the effect of distal-portion activities, such as head movements, on the stability of the proximal portions of the body and the coordination of the extremities. 
